Smart Grids are often seen as an enabler for an electricity market with increased benefits for both consumers and environment. From a system level perspective, many advantages could be achieved by implementing these innovative technologies. Furthermore, implementing smart metering could give consumers possibilities to obtain a better understanding of their own electricity consumption. The information could also help consumers to react on price signals by adjusting their consumption patterns. Increased knowledge usually increase awareness and could therefore be positive for energy efficiency activities. In order to investigate the potential for increased consumer participation in the electricity market with respect to demand-response and micro generation, a questionnaire was sent out to the households in the town Eskilstuna. The purpose of this it paper is to describe the potential for demand response among households. Furthermore attitudes and enabler for demand response have been investigated. The household shows a quite positive attitude towards participation in demand response in this study. It was clear that households that live in houses are generally more interested in demand response compared to those living in apartments. In order to better understand how these positive attitudes could be realized for a more flexible electricity demand, the study pointed out that both economic incentives and environmental concerns were important drivers that motivates various consumer groups. It was noted that households living in apartment where more concerned of the environmental effects as compared to households in houses, which may influence on how business models may need to be adjusted when offered to different customer groups. The study also shows that relatively small economic compensation is required in order to realize demand response in apartments, wheras consumers in detached house requires more. Hence the potential for demand response based on price incentives seems promising for some households, however barriers were also identified such as distrust to the functioning of electricity market.
Introduction
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To obtain increased consumer participation, including demand-response and energy efficiency measures, will be an important for the future energy system. Demand-response actions are foreseen to be an cost-effective component to balance grids with large shares of intermittent electricity generation [1] . Therefore it is important to understand how and why consumers would be willing to contribute with their flexible loads in a future electricity market. As a complement to small and medium scale technical oriented demonstrators it is now important to bring new knowledge on a wider scale regarding the customers' flexibility and their willingness to participate. In the research area of demand response, today it is not uncommon to focus on energy system and utility aspects [2] [3] [3a]. Furthermore, there are studies also investigating demand response potential in the industrial sector [4] [5] [6] . Also in the household sector, there have been various studies that examine the potential for demand response, see for example [7] . Ways of estimating the potential of demand-response is to use load profiles for different households [8] or to carry out experiments with test households and expose these to e.g. new electricity prices and structures [9] [10]. In [11] it is discussed how household energy use and income levels relates to customers interest in demand response and in [12] it is also discussed how price levels, house types and climatic zones may affect customers' willingness as regards to demand response. There have earlier been other studies linked to demand response and development of smart electricity networks working with enduser preferences [13] .
The customer benefits of demand response is usually not discussed in the same extent, but there are interesting contributions also in this area [14] [15] . In [15] it is described how customers are offered a 10% discount on the monthly electricity bill if participating in the New Zealand power company's ripple control program. In order to allow for the customers to have maximum benefits from a certain program there is also a need to provide them with improved energy related information. It is also discussed when and how their actions could be adjusted to realize the most valuable flexibility.
It is also important to understand the common misconceptions about what a smart electricity meters actually are and which services a smart meter can provide clients with [16] . The latest study points out that among customers in a mid-Atlantic US utility there are generally quite positive expectations on smart metering, but this expectation is in many cases are based on an inaccurate picture of what the concept covers [15] . It is also important to understand that customers have different preferences linked to the use of smart metering, where some may be risk avert, early adopters, more or less price-sensitive or securityoriented [17] , which in the end may influence their interest in demand response. However, there is still insufficient knowledge on households' behavior and attitudes linked to demand response [15] which finally may affect the ability to develop customized solutions increasing the potential for individual households.
In order to improve conditions for decision making of both technical and policy related measures for demand response, new knowledge on customers' attitudes linked to demand response and electricity market developments is needed. This paper reports on findings from a large survey conducted in a typical Swedish town where a municipality owned company is operating both an electricity distribution grid as well as a district heating system. This study has been carried out with a consumer oriented perspective on demand response where the consumers' preferences, motivations and benefits come at focus. The study tries to capture different aspects linked to demand response in a Swedish town. More specifically, the purpose of this study is to obtain a wider understanding of the consumers preferences related to demand response with the following objectives: i) To increase knowledge of households' attitudes to demand response; ii) To explore what motivates consumers to participate in demand response; iii) To obtain better understanding of which tools that could facilitate for household being flexible in their electricity usage; iv) and which barriers that exist for consumers for active participation.
The following sections of the paper are structured as follows. The second section explains the used methodology and the structure of the questionnaire. It also presents the characteristic of the surveyed area along with an analysis of the obtained responses. In the third section more detailed information on the result from the survey are given along with a discussion related to each specific objective. Finally the paper is summarized and conclusions are presented.
Methodology
In order to survey the interest in demand response a questionnaire was sent out in February 2013 including 2095 residential customers in Eskilstuna, which is a town with 100 000 inhabitants. The survey was carried out in the concession area of Eskilstuna Energi & Miljö Elnät AB which is the electricity distribution system operator (DSO) in the town Eskilstuna. The first questionnaire was supplemented with one reminder and at an average response rate of 13.4%. Other research studies report similar response rates when the survey includes more complex questions e.g. on electricity use. A study in New Zealand reports a response rate of 15.8% without any reminder, when investigating demand response related issues at 400 households [15] .
Various methods have been developed and used over the years to study households willingness to save energy, be more efficient and to participate in different demand-side activities [18] [19] . These methodologies have their strengths and weaknesses when it comes to identifying end-users attitudes and behaviors in relation to energy. As the purpose of this study was to include a significant number of households to obtain a broader understanding of various households' preferences on demand response the use of questionnaires was natural. In this context, it was important to stress that consumer attitudes and their behavior to a certain extent should be linked to socio-economic factors like educational level, household income, housing type, and their preferences on information technology integration etc. [20] . The survey used in this study was divided into four different categories: basic data on households; households' attitudes to energy issues, households' preferences towards demand response; and households' preferences to energy information and decision support. For some questions respondents were asked to answer on a 7-point scale where 1 and 2 are considered as relevant and 6 and 7 as not at all relevant.
Results and discussion
The result from the survey, are presesented from different perspectives. The following section compares the responses from households living in apartments with responses from those living in a townhouse or detached houses. Thereafter respondents' housing situation and their attitudes related to both energy usage and more flexible usage were examined along with possible barriers as well as tools that could facilitate these actions.
Main differences in the responses received from detached houses and apartments
The analysis began by comparing the basic questions of respondents living in apartments or detached houses. The summary is presented in Table 1 . The majority of respondents are living in houses. This relates to the fact that houses have been equipped with more detailed energy metering systems i.e. Smart Meters, and have therefore been included in the study. It can be noted that occupants in houses on average have a higher monthly income than those living in apartments. Among the residents in houses 50% answered that they were interested in improving their energy habits, whereas the corresponding number in apartment was 39%. The main reason that motivates households to be more efficient in their energy use can be seen in Tab. II. While price was by far the heaviest weighing factor for respondents living in houses, it was more evenly distributed between price and environmental drivers for respondents in apartments. This difference in motivation for demand response may influence on future services and feedback regarding price-or environmental signals for different households. 
Households´interest in demand reponse
In Table 3 consumers' interest in demand response is shown. The question included information that consumers with a flexible electricity usage could avoid high costs due to volatile electricity prices. Respondents could choose to answer 'yes', 'no' or 'don't know'. A general high interest in demand response could be observed both for apartments and houses. The results with a slightly higher interest among households in houses as compared to households in apartments, correspond well with the fact that they often have a relatively higher energy use and costs. To increase the understanding of the levels of economic compensation that is needed in order to activate demand response a number of related questions to this were included. One of the questions were which amount that a household would like to save per month when being flexible. Response options were '100 SEK/month', '250 SEK/month', '500 SEK/month', '1,000 SEK/month', '1,500 SEK/month', '2,500 SEK/month', 'Not interested' or 'Don't know'. A majority of the respondents in apartments stated that they were willing to participate in demand response with reducing their electricity bill with no more than 250 SEK/month, whereas only 11 % in detached houses were interested at that level of savings. 
Possible barriers to demand response
In An issue that was raised by Council of European Energy Regulators (CEER) as important for demand response is the consumers' confidence in the electricity market functions [19] . If customers do not have confidence in the electricity market, this could be a potential barrier and reduce the willingness to participate. Negative responses to not so well anchored smart grid solutions should also not be underestimated [13] . Therefore, respondents were asked to grade their confidence in the market. As much as 59% of households responded that they were very dissatisfied with the way that the electricity market works today and more than 80% of the consumers indicate that they perceive their position on the market as weak. To increase the understanding of the levels of economic compensation that is needed in order to activate demand response a number of related questions to this were included. One of the questions were which amount that a household would like to save per month when being flexible.
Other possible barriers to demand response could be consumers' deficit of knowledge in market functions and lack of interest [20] . As seen in Table 4 the consumer interest in energy related issues are quite low, whereas the knowledge on their actual consumption are higher. Therefore it may be of use that market surveillance authority show their activity and are more open with the problems occurring on the market, and how they ensure that the market is functioning in a fair way. Transparent information on the economic and environmental properties and effects of electricity use may also increase trust in the market.
This study is based on the analysis of a large scale survey sent out to 1095 consumers living in a Swedish town. The analysis consider different aspects of energy use and especially demand response issues. It is important to understand that preferences between different consumer varies a lot. The relation between preferences, customer groups and their various potential needs to be further explored before designing the demand response programs. The results provide indications on the potential of demand response in a typical small town. Further, the study highlights different services that could serve as a facilitator for households developing a more flexible load.
The household shows a quite positive attitude towards participation in demand response in this study. It was clear that households that live in houses are generally more interested in demand response compared to those living in apartments. In order to better understand how these positive attitudes could be realized for a more flexible electricity demand, the study pointed out that both economic incentives and environmental concerns were important drivers that motivates various consumer groups. It was noted that households living in apartment where more concerned of the environmental effects as compared to households in houses, which may influence on how business models may need to be adjusted when offered to different customer groups. The study also shows that relatively small economic compensation is required for households in apartments, wheras households in detached houses requires higher savings. Hence the potential for demand response based on price incentives seems promising for some residential consumers.
A majority of the house owners indicates that energy feedback information could be useful in order to activate demand response. However these new services may need to be personalized in order to meet the various expectations of consumer groups. Still, challenges remains, to clarify which appliances that in the most effective way could lead to substantial changes in the hourly electricity consumption profiles over the day.
There are also some possible barriers to the realization of demand response. In the survey the consumers points out their electricity market position as weak. Their confidence in the market operation is also low. This could have long term effects on the possibilities of demand response implementation, and must not be ignored. Without confidence that the market operates in a correct and fair way it might reduce the households' motivation to contribute with a more flexible electricity end use.
